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t  »•  ABSTRACT 


D**Pit®  th*  *dv*nt  ot  ***“7  #*otlc  sensors  for  detecting  targets  at  night,  a  slgnif leant  portion  ot 
airborne  tactical  activity  i*  carried  out  via  direct  vision,  usually  involving  soot  type  of  artificial 
illumination,  with  air-dropped  parachuts  flares.  The  us*  of  flsrss  constitute*  on*  of  the  nost  difficult 
visual  requirements  for  aircraft  crew  members  attempting  to  detect  target*  at  night.  Efforts  by  the 
Aerospace  Medical  Restarch  Laboratory,  Wright-Pat ter* on  Air  Fore*  Base,  Ohio,  have  involved  simulating 
various  Illumination  source*,  and  requiring  subject*  to  detect  sc*l*d-doun  targets  under  different  terrain 
and  Illumination  conditions. 

Thla  paper  It  concerned  with  the  results  from  thre*  recent  experiment*.  Experiment  1  dealt  vlth  tha 
shielding  a  25, COO, 000-lumen  flare  source  and  determining  th*  optimal  number  of  flares  to  be 
used  for  a  given  target  are*. I  No  statistically  significant  effect  dm  found  due  to  flare  shielding.  For 
th*  given  target  area  simulated,  it  appeared  that  there  was  no  additional  benefit  derived  from  Igniting 
than  two  flares  over  a  simulated  area  of  about  1.5  kiloasters  by  5  kilometers.  .Experiment  IT  dealt 
with  shielding  of  a  60,000,000-lusen  source.; and  again,  no  statistically  aignif leant' effect  was  found  due 
to  the  flare  shielding.  ’-Experiment  III  dealt  with  the  "visual  acuity"'  undsr  simulated  flare  light./  In 
this  experiment,  each  of  eight  groups  of  five  subject*  performed  at  a  different  simulated  observcr/^itltude 
ranging  in  152-meter  increments  from  152  to  1,21?  maters,  for  the  .ilant  ranges  simulated  (1,02?  to  1,567 
Mtsrs),  610  meters  was  the  best  altitude  for  vieuol  performance.  Like  the  other  findings,  this  could 
significant  Impact  on  tactical  planning  for  night  missions,  Srhc  parameter*  cf  this  study  have  new 
been^«>s**Kci!j£— ■tO'-'r**±-v*sld. *>i*e  and  the  Aerospace  Medical  Research  Laboratory,  iv%  conjunction  with  the 
Air  Force  Armament  Laboratory^!*  conducting  flight  testa  to  validate  the  altitude  data  of  the  experimental 
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Detplts  eh*  advent  of  sumy  uotlc  sensors  for  detecting  tirpti  at  night,  *  algalllcsnc  portion' of 
airborne  teccictl  activity  la  cartiad  out  via  direct  via  Ion.  usually  Involving  sons  type  of  artificial 
Illumination,  with  alt-droppad  parachute  flares*  The  use  of  flares  eocatltutsa  one  of  the  aost  difficult 
visual  requlreaents  for  aircraft  craw  sesbers  attempting  to  detect  t a; rata  at  ultht.  Efforts  by  the 
isroepsce  Medical  Research  Laboratory,  Wrlght-fsttsrson  Air  tores  laaa,  Ohio,  have  Involved  deviating 
various  Illumination  sources,  sad  requlriar  eublects  to  detect  a  cal  ad -down  targets  under  different  terrain 
and  Illumination  conditions. 

This  paper  la  concerned  wltt  the  results  from  three  recant  experiments.  Experiment  I  dealt  with  the 
affect  of  shielding  a  23,000,000-luaen  flare  source  and  deternlelng  the  optimal  ouuber  of  flares  to  be 
need  for  a  given  target  area.  No  statistically  significant  aftece  was  found  doe  to  flare  shielding,  tor 
the  glvee  target  area  simulated,  It  appeared  that  there  was  no  additional  benefit  derived  frou  igniting 
■ora  than  two  flares  over  a  slaulated  area  of  about  1.5  kilometers  by  5  kllonaters.  Experl neat  n  dealt 
with  shielding  of  a  60,000 ,000-luaea  source,  and  again,  no  statistically  significant  effect  was  fotnd  due 
to  the  flare  shielding.  Experlnent  111  dealt  with  the  "visual  acuity"  under  slaulated  flare  light.  In 
this  experlnenc,  each  of  eight  groups  ot  five  subjects  perforaed  st  a  different  slaulated  observer  altitude 
ranging  1*  152-aeter  Increments  iron  132  to  1,219  eaters,  for  the  slant  ranges  slaulated  (1,019  to  1,517 
asters),  610  asters  was  the  hast  altitude  far  visual  performance.  Lika  the  other  findings,  this  could 
have  significant  lapses  on  tactical  planning  for  night  missions .  The  parameters  of  this  study  have  now 
been  "blown-up"  to  real-world  sire  and  the  Aerospace  Medical  tsaaarch  Laboratory,  In  conjunction  with  the 
Air  farce  Armament  Laboratory,,  la  conducting  flight  testa  to  validate  the  altitude  data  of  the  exporlnantal 
simulations. 


nrnoDuenoK 

Ooa  of  the  moat  difficult  visual  rsqulrencnts  for  aircraft  craw  members  involvss  dstsctlng  targets  at 
eight.  Despite  the  advent  st  auneroua  exotic  sensing  devices,  the  majority  of  might-time  aerial  activity 
la  carried  on  under  sir-dropped,  perachute  illumination  floras.  Specific  problems  encountered  by  crew 
•ember*  utillalag  flan  Illumination  Include:  restricted  fields  of  vltw,  visual  dlscrlnlantlon  et  low 
levels  of  llliselniclca,  difficulty  la  trsekiog,  terrain  avoidance,  visual  whitmoat,  flare  flicker  and 
es dilation,  contrast  reversal,  lose  ef  depth  perception,  and  vertigo.  It  bam  also  been  reported  that 
Airlag  low  level  flight  at  night,  the  large  end  frequent  changes  la  adaption  Impair  visual  perforoaoce. 

Than  la  vary  little  lltaratuqa  relevant  to  this  gsaarsl  problem  sf  vision  under  fists  light. 
Laboratory  Investi  get  lone1  into  aspects  of  visual  air  reconnaissance  have  baas  conducted  and  aathesetlcal 
relationships  for  predicting  performance  In  actual  operations  have  bean  suggested.  However,  It  has  bean 
pointed  out  that  applications  of  those  predictive  methods  to  practical  detection  problems  can  lead  to 
"great  complexities.  An  exasplt  of  (best  ’’complexities"  is  given  by  Blunt  sod  Schxelllag.  Dasad  uocn 
hypothetical  diffusa  targat-rtflacuncs.  Inherent  contrast,  target  area,  range,  and  atmospheric  affects, 
it  was  calculated  that  a  flare  sf  1,115, 000, 000  lunang  would  be  required  to  produce  enough  lllualnnace  to 
hs  able  tc  detect  an  snored  rook  located  on  dry  seed  st  a  range  of  2.713  asters.  (The  aost  conaonly  vied 
flora  la  the  present  Inventory,  the  Novel  Kirk  21,  produces  25 ,000,0u0  lumens).  Blunt  and  gdrselllag 
further  point  Sue  chats  raqulrooents  nay  be  lac rested  by  at  such  as  five  tines  whan  combat  factors  ere 
coasldered  (l.e.,  psychological  scrags,  see). 

therefore,  It  la  not  surprising  that  visual  problems  ere  sec  entered  during  night,  sir- to-ground  tasks 
sad  that  this  is  u  difficult  problco  to;  rstssreb.  Using  labortcory-sstabllthed  rolttionthlps  In  their 
present  font  dots  not  always  end  In  reasonable  rsejmmsadstlons  for  tns  field  mod  settapts  have  bean  made 
st  both  laboratory  s isolations"  end  field  studies.'  H sal It or."  attempted  to  determine  night  visibility 
distances  for  military  targets  using  s  scale-eodsl  simulator.  Viewing  paths  wars  ground-to-ground  rather 
than  air-to-ground.  1c  vxa  found  that  visibility  use  poorest  when  targets  wgrm  placed  agtlntt  foliated 
backgrounds  sad  vhen  the  durations  of  Illumination  wets  short.  In  UsascarV  field  study,  ground  targets 
were  placed  In  s  2.6  squsru-aeter  srss  end  six  aerial  observers  flew  st  gltltuAet  renting  froo  761  to 
1,676  us tax*  with  rangse  free  ground  taro  of  1,000  to  6,000  asters.  Thirty- these  flirts,  varying  la 
Intensity  sad  burn-tire  vers  dropped  singly,  fifteen  percent  of  the  stationary  targets  and  five  pec  cent 
of  the  moving  tstgstt  war*  detected  while  onl;-  one  percent  of  both  typss  of  targets  wars  identified. 

Initial  simulations  by  the  Aerospace  Medical  Research  laboratory  ussd  throe  different  groups  of 
sebjscto  performing  car  get  acquisition  (detection  and  recognition)  casks  under  simulated  Hstk  24  flare 
light,  slaulated  frltsye  flsru  light  (a  recently  develops!  tiers  which  prefaces  60,600,000  lucent) ,  sod 
(iauUted  sunlight.  Cana  rally,  target  acquisition  cosh  slgnificcntly  longer  under  («ur  simulated 


*  The  research  reports!  la  this  paper  wan  conducts!  by  poreconal  pf  the  Aerospace  Medical  Etstarch 
laboratory.  Aerospace  Medical  Division,  Air  force  Syattea  Coruud,  Vrlghi-Paturson  Air  foico  teas, 
Ohio,  This  paper  has  boon  Identified  by  tho  Aerospace  Kedltal  Research  Lahctstory  u  AMU-TR-71-11A. 
further  reproduction  Is  authorised  to  satisfy  the  Made  ef  the  U,  3.  Uovatrausnt. 
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Hark  24  f larti  dropped  *  atnulated  distance  of  0.4  kilometer  apart  and  ignited  ae  a  simulated  atcltoda  of 
<10  meters.  This  eoaparad  with  significantly  shorter  times  under  tha  tiaulatad  hrltepes  deployed  similarly 
aad  atlll  shorter  tlaaa  uodar  ataulatad  sunlight  (eloulatlng  those  ll^  c  conditions  charactarlatlc  of  a 
"partly  cloudy"  day),  However,  with  tha  tiaulatad  Irlttyaa,  thata  appeared  to  ba  a  such  aora  yreuouaead 
direct  flare  problem  uMch  vat  apparently  associated  with  tha  aora  iatenaa  flare  aourca.  In  an  effort  to 
alleviate  thle  potential  problaa,  afforta  have  been  aada  to  develop  ehleldlng  techniques  for  flare 
sources.10'11*12 

Tha  early  alaulatlona  Involved  attaapta  at  scaled-down  raproductlona  of  real-world  characteristics 
without  regard  to  tha  ecleotlflc  Investigation  of  the  vlaual  ayatea  la  tame  of  aack  concept*  aa  vlauel 
acuity.  Whether  vleual  acuity  la  generally  defined  aa  tba  capacity  of  the  aye  Ca  tatolva  detail,  or 
specifically  defined  ta  tha  ability  to  dlecrlalnate  black  and  vhlea  derail  at  vanoua  dlataacaa,  there  are 
aaay  problems  aaeoclated  with  uklng  purely  clinical  or  laboratory  vlaual  acuity  aaaauroaanta  aad  applying 
thaw  to  tha  field.  fr.r  axaaple,  direct  application  ot  tha  noraally  accepted  methods  of  naaaurlng  vlaual 
acuity  to  tha  field  lr  difficult  la  a  vlaual  aearch  teak  from  bn  aircraft  becauMt  the  aye,  tha  plaefon, 
and  tha  urgat  era  not  statics  tba  scene  Involves  color;  and  tha  Illumination  level  can  ha  Measured  only 
generally.  On  tha  other  hand.  In  varying  tha  factors  included  (l.e..  Illumination,  etc.),  tba  raaearcher 
can  ba  aceuacd  of  not  really  naaaurlng  "vlaual  acuity"  at  all,  or  of  using  a  concept  that  vaa  not  Intended 
to  serve  as  a  criterion  hrldga  between  laboratory  and  field,  but  rather  as  a  precise  clinical  tool  for 
determining  tba  visual  capacities  of  Individual  subjects  aad  patients. 

Tat  the  gap  between  laboratory  simulation  and  la-fllght  validation  mat  be  bridged.  Utilising  high 
fidelity  terrain  models  can  ba  successful,  gowavar,  there  la  great  difficulty  gas  duplicating  and 
controlling  feature*  alallsr  to  tha  terrain  nodal  In  tha  real-world  validation.  Tba  apparent  alternative 
la  to  taka  accepted  acuity  measures  and  "modify"  than  far  laboratory  simulation  sand  eventually  "blow  thorn 
up"  for  in-flight  validation. 

This  paper  la  concerned  with  tha  results  from  three  recast  simulation  expectants.  Experiment  I22  was 
aa  attaapt  to  deteralna  the  bahavloral  affect  due  ta  flara  shielding  utilising  a  111, 000  scale  terrain  modal 
and  simulated  shielded  and  unshielded  flara  sources.  In  addition,  theta  was  a  concern  with  optimal  number  of 
flaxes  to  ha  used  for  a  given  target  area  for  both  shielded  aad  unshielded  Hark  24  flares.  Twelve  groups  of 
subjects  ware  used.  Each  group  searched  tha  terrain  nodal  under  from  ana  to  slat  « Isolated  florae  la  either 
tha  shielded  or  unshielded  configuration.  While  tha  Illuminance  from  a  shielded  flara  la  greater  at  tba 
caster  of  aa  Illumination  pattern,  tha  Illuminance  from  an  uoehlelded  flara  la  greater  at  40  dagraaa  from 
tha  canter  and  beyond.  Therefore,  strictly  from  a  vlaual  performance  point  of  vlev,  it  was  necessary  to 
da  tormina  what  affect  these  different  patterns  of  Illumination  could  hare  on  taaqpst  acquisition. 

Experiment  II  via  also  concerned  with  flora  ehleldlng.  Eovever,  In  this  experiment  simulated 
<0,000, 000- lumen  florae  ware  used.  This  aaaaad  to  ha  a  reasonable  follow-on  if  Oort  since  an  earlier  study* 
bad  Indicated  that  the  direct-glare  problcn  nay  only  ba  aaeoclated  wltb  tha  astm  latanaa  flara  and,  also, 
a  40,000, 00Q- lumen  flara  which  burns  for  5  minutes  la  now  being  introduced  far  i-lnitsd  uaa.  In  title 
astparlnant,  two  groups  of  IS  subjects  each  searched  tba  terrain  nodal  under  two  simulated  flares  in  either 
the  shielded  or  unshielded  configuration. 

Tape  rime  at  III1*  was  concerned  with  tha  optimal  observer  altitude  for  performing  vltuaily  uodar  Mark 
24  flare  light.  (Aa  earlier  study  established  <10  nature  aa  tha  optlnal  altitude  for  flara  Ignition,)12 
Another  concern  involves  tha  type  of  asafuttneat  of  visual  petferotoca.  Esquired  la  a  measure  which  la 
uaa l la  In  the  laboratory,  yat  axyaodabla  to  raal-world  validation.  Each  of  eight  groups  of  five  subjects  . 
performed  at  a  different  aUsilatad  observer  altitude  under  simulated  flora  light.  Tba  tiaulatad  altitudes 
raagtd  la  152-ueter  Increments  from  152  to  1,219  utters,  laadolt  rings  and  acuity  gratings  vara  used  aa 
targets.  U  addition,  four  different  brightness  contrasts  ware  used. 

METHOD 

gublacta 

The  subject  a  were  mala  callage  students  with  aotaal  color  vision  aad  20/20  acuity  or  bettor.  Color 
vision  wee  tatted  by  tha  Dvorlne  Paueda-Ieoehroaiatic  Elates.  Vlaual  acuity  vaa  catted  by  a  gautch  end  bomb 
Matter  Ortho-Tatar.  Sixty,  thltty,  xad  forty  subjects  v*se  used  In  Experiments  X,  II  end  III,  respectively. 

Appsr*>ge 

The  mein  feature  of  tha  apparatus  vaa  the  elmuletlou  of  the  Here  source.  The  Havel  Ksrk  24  la  a 
eenmenly-usei  parachute  flara  and  tc  products  25,000,000  lumens  for  Three  minutes.  Simulation  of  this 
flare  la  eecospllihed  by  uaa  of  a  standard  ho.  47  pilot  leap.8  Operating  this  lamp  at  appropriate  voltage 
reasonably  elaulatee  a  Hark  24  on  a  eeale  oi  1:1,000.  Operating  e  standard  Ho.  45  pilot  ieep  at  appropriate 
voltage  reasonably  simulates  the  <0,000,000-luatn  flara.  for  experiments  I  and  II  tha  simulated  shields 
consisted  of  modified  flashlight  reflectors  coated  with  opaqse  whits  paint. 

The  flara  simulator  (figure  1)  le  composed  of  six  uxchaalcaliy-drlven  end  olactroclcslly-eoetrellad 
Mo.  47  pilot  leaps  mounted  on  n  framework  suspended  (ton  tha  calling  of  o  laboratory  dtrk  rooa.  Ieoh 
almulated  flare  can  ba  ntnunlly  positioned  within  the  length  end  width  of  the  Examavork.  Thi  descent  of 
each  flare  ta  controlled  by  a  24  Volt  3C  motor.  Tba  voltage  to  such  motor  ta  a  rasp  (unction  to  simulate 
tba  constantly  decreasing  velocity  In  the  descant  of  a  parachute  (lata  4w*  to  ire  mats  loss  cod  heat 
generation  while  burning.  AU  six  of  tha  flexes  vara  used  In  Experlnant  I,  torn  ware  used  in  Experiment  II, 
end  om  In  Experiment  ill. 

Tha  tarrata  nodal  (figure  2),  used  aa  tha  background  over  which  tha  subjects  tsorehod  for  targata  In 
Experiments  1  end  II,  in  on  a  scale  of  1:1,090  and  presents  a  r sella  tic  portrayal  Of  actual  terrain.  It 
statutes  1.5  eaters  by  -.5  satara,  which  represents  a  terrain  of  about  5.5  kllumtscs  long  by  1.)  klloeatata 
Vila.  The  model  elmulatu  the  color  and  rnflecuatv  properties  of  tha  rtol  vocld  within  tha  vitibla  portion 
of  tha  eleccroncgnetU  epactrua  aad  cae-atnad  asong  others,  tha  (ellovla*  teams*  which  wars  need  aa 
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target!  for  Bcperlsant  It  rood,  river ,  trllU|t,  poddy  uu,  fork*!  track,  iwviaf  truck,  scored 

easpea,  ood  anti-aircraft  nice.  Three  forked  truck, ,  throe  village!,  and  the  sowing  taspa*  otto  utod  ee 
tor| • to  la  Experiment  XI. 

la  order  to  "fly”  the  oubject  by  the  torrola  aodtl  la  Experiment*  7.  end  It,  ho  mu  placed  la  oa 
oftooetrlit’o  choir  end  required  to  koof  tht  bock  of  h'U  hood  a*elo»r  the  hood  fodo.  Through  the  uoo  of 
the  choir '«  elevation  footuro,  the  ayt*  of  ooch  eubjectware  maintained  at  41  ceatlzatere  above  the  torrola 
Modal  to  corretpoad  to  o  alaulotod  oltltudo  of  about  454  attera.  The  chair  woo  flocod  oa  a  shtorlied 
trolley  which  proptlled  the  eubjeec  oloa|  the  nodal  at  a  alaulotod  apead  of  about  215  klloattere  par  hour, 
the  aon-doolaeat  aye  of  ooch  aubjtct  vaa  covarad  by  ao  aye  patch  a Inca,  at  the  actual  rangee  which  vara 
oloolatod,  there  would  bo  ao  otorootcoplc  dltusco/dupth  cute. 

I*  Exptrlseat  III,  the  turfite  arid  vara  loodol.t  rlo»a  and  acuity  gratinge.**'^'**  The  laodolt  rlny 
saaauree  minimus  atparable  acuity  or  e»?  raaolutlou  and  Involve,  the  taika  of  ratolutloo  and  raeo|oltl«a. 
Burlog  tailing,  the  ring  wot  rotated  ao  that  the  gap  vaa  lo  one  of  feir  poaltlona:  up,  down,  right,  or  loft 
The  acuity  crating  alto  eaaauran  slain*  reparable  acuity  aod  involve,  thick  of  raiolutloa.  It  eonolato 
of  throe  parallel  bare  with  the  dlausca  between  tlia  bora  *)ual  to  the  thicknaee  of  a  bar.  The  length  of 
(ha  bora  la  aqual  to  the  width  of  the  entire  configuration.  During  tasting,  the  acuity  glaring  was  located 
la  either  a  "horliomial"  or  "vortical'*  polities. 


loth  the  gap  Is  the  Laodolt  ring  and  the  gap  between  the  parallel  bora  of  the  acuity  prating  vara 
ogual  to  .19  centlaatvr.  Although  the  uaa  of  larger  target,  via  ettespted,  it  vaa  found  w*'t  thle  alia 
(.19  cant  Ice  tor)  provided  the  aeceoenry  dleerlaisttlou  aaong  cosdltloaa  for  the  viewing  dlttanete  in  tbit 
ataly,  The  targata  > iva  ailkactetnod  with  a  ce-yolyser  vlacoua  aolutloo  onto  four  graytcala  ahadaa  of 
llabarlyftavana  local  paper,  Typo  100  (.9  graa/oguare  setar).  Thla  paper  to  a  lenloated  material  having 
an  Inner  oat  ot  act  la  of  oon-voven  thraado  with  outfacing  notarial  bonded  to  both  tidal.  lye  backgrounda 
ware  mounted  oa  one  aquara  foot  artboard  for  aaaa  of  handling.  Table  1  oho.'  the  brijKc  i-u  ot  the  foot 
background,  and  the  ratuUlng  brtgkcnaaa  eoetraate.  Thtec  aaeauraoetca  cate  obtaleed  with  a  Spectra* 
krlghtsaae  Sphtsater  Model  "5*"  uader  Indoor  oahlent  light  cosdltloaa.  The  brlgbtoaaa  aonwtaat  paccantagaa 


nccu  z  -  wo  views  or  temaik  noon,  osed  ih  ehoumewts  i  akd  n 

were  c»^tW  by  tba  following  foniulot*8 

few  Cent  CoatMic  »  *b  ~  *t  X  100 

*b 

Mttti  •  irigkeoete  of  the  goekgrouEg 
AM  »t  «  of  ebo  Target 

The  tilth:  flfluucn  la  tho  target  btl|htne»t  (too  background  to  beekgrounf  veto  duo  to  tho  required 
cA'moot  of  th«  co*|>olyaer  bectue  of  ckongee  to  vlocoelty  of  tho  oolutloa  otcoteary  to  completely  cover 
tho  vorfout  elalet.  Tho  negative  tirretuji  of  brlghteaie  cootroot  tn  Tohle  1  sorely  tbevs  that  tho  one 
target  vat  brighter  thoa  tho  beckgrooud. 


ukxdadcs  id  caxseu/sqoam  nm»  <cd/*2>  *«.  cokthast 
tneorucu  rat  iackcuudds  akb  tucks  ro»  mnuan  m 


mcsotoow  sticgmss  (a/*7) 


«XCHTV£SS  CODTtAST  mcawt 


l«h  subject  vss  pieced  In  tbs  notoriiad  optsaetrlst'e  cbslf  sad  vti  required  ts  lucp  tbs  back  ef  Ms 
haed  stslnst  ths  head  pads.  Through  the  use  of  tbs  chair's  elevation  feature,  tbs  eyes  of  each  subject 
vers  eaiutjlnsd  at  IS. 23,  10. !J,  45.75,  SI. 06,  76.25,  91.30,  107,75,  ot  122.00  csatlastsrs  above  the 
target  writes  to  correspond  to  ths  slaulstsd  altitudes  of  about  152  through  1,219  naters.  Table  2  shove 
the  visual  angles,  actual  sod  slaulstsd  altitudes  and  slant  raegaa  iat  the  sight  conditions.  The  visual 
eagles  vers  coopvted  using  the  following  foroulai*®  ■ 

Visual  Aagle  •  2  arc tea  ^ 

Mattel  1  •  gisa  of  ths  target  gap  or  separation. 

fad  e  9  Distance  froa  thd  observer's  ays  ts  ths  target. 

fgala,  the  nm-doalnsat  eye  of  each  subject  was  covered  with  an  ays  patch  since,  at  tbs  actant  altitudes 
vhlch  vers  -.iuuleted,  there  would  be  no  stereoscopic  distenco/dspth  cuts.  The  study  me  also  conducted  la 
f  laberstory  da.rkr.Mn. 

lha  visual  angles  axpraaaod  la  Tabla  2  seams  thet  tbs  tsrgeta  vers  perpendicular  to  the  observer'* 
eye.  However,  the  targets  vets  actually  perpendicular  to  the  flax*  source.  Tha  incident  angle  tor  ths 
ebeervets'  eyas  veried  froa  39°i'  for  slaulstsd  1,219  aster  altitude  ts  tl°6'  teg  eba  slnuletsd  132-oacsr 
altitude. 


i ! 
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flOW* 

shouted 

ACTUM, 

ixxcuns 

ACTUAL 

cotomoH 

MRU 

Aiimot 

AUnUBS 
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(Csnt  iterate) 
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1,041 

100 
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43.73 

1,114 

112 

* 

3'Jl" 

M0 

M.M 

l.UI 

111 

5 

J'10" 

7S2 

74.23 

1,270 

127 

« 

4'36“ 

91* 

91.40 

1,347 

m 

7 

A'30* 

1,057 

104.73  ' 

1,473 

14.' 

• 

V0" 

1,219 

m.oo 

1,347 
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lbs  subjects  vers  divided  lots  12  group*  sf  S  subjects  each  In  taper L>** t  1,  Tails  3  . 
tbs  conditions  fur  each  group  of  subjects. 


owner  asm  common  rot  roacairr  i 
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H>*aa 

icdttioo 
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Of  HAMS 

(SK0JB5) 

hODS 

actoal  (cmvmm 
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a-isiiu 
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D/A 
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1,029 

4 
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20 
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3 

3 
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3 

13 
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12.3 
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1,C97 
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« 

13,3 
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1,697 

9 

3 

10 

Shielded 

91 
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40 

3 

10 

Cubit  Id  od 

91 
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ghinldnl 

79 
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u 

4 

3 
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After  lutial  serening  sad  prellalcnry  cnpli-atlona,  *»ch  subject  vao  trained  to  Identify  tbo  tea 
targets  lit  ted  sarlict.  This  ves  acoouplUbsd  by  cspeatvdly  polnticg  ths  targnss  oat  on  s  sealler  esrrsln 
nodcl  luected  in  tt>a  auhjocts'  preparatory  rose. 


r  * 


for  eoosiatracy,  dories  the  exparloestal  nu,  the  wvlag  truck  cad  aaapaa  wti  always  started  (ton 
the  It  respective  starting  polnta.  The  aiaulxcsd  flares  vara  tjnUad  at  tha  dlffatant  Intervals,  iadltatod 
la  Table  },  to  rlnulate  •  (lata  aircraft  flying  a  track  parallel  to  the  eljsuUted  flight  of  tha  subject, 

Sue  to  tha  high  learning  rata  associated  with  tha  targati  oa  tha  tarrata  oodel,  aach  subject  wsa  uaod  fer 
asiy  ooa  caparlacatal  run. 

Three  typaa  at  data  vara  recorded  for  aach  subject;  total  new  bar  of  valid  targata  found;  arrora  (l.a., 
Idecl tiring  a  truck  whan  ooaa  waa  la  the  area);  and  t lea  alapaed  froa  ignition  of  tha  flrat  flare  to  a 
subject',  verbal  rotpoaee  that  he  had  detected,  Identified  aod  located  a  target.  Concerning  thla  laat 
variable,  t or  any  of  the  can  targtte  not  detected  during  a  run,  tha  subject  waa  glvad  a  ratponaa  tlae  tear a 
at  1*0  aar.~nda  elnca  thla  waa  tha  ahortaat  alapaed  tlaa  for  any  of  tbo  flaro  coaditlons, 

TU  procedure  for  bparlnaat  It  waa  alallar  ta  that  for  fxyurtuent  t,  except  two  greupa  of  13  subjects 
aach  were  eetahUshed  to  corratpotd  tc  tha  abtaldad  and  unahlaldad  conditions,  ta  addition,  only  two  floroo, 
placed  113  cantlsatara  apart,  ware  uaad.  Concerning  myoma  tinea,  for  any  of  the  ear  as  targata  not 
detected  during  a  run,  tha  subject  nt  given  a  ratponaa  tint  score  of  300  steoodt  since  this  vaa  the 
alapaed  tine  for  tho  60,000, 000-luaan  flaro. 

la  bparlaeut  tit,  10  subject*  ware  naad.  The  subjects  wars  divided  into  sight  groups  with  tlva 
subjects  in  sacb  group,  tech  group  van  exposed  to  one  observer  altitude  eondltloa.  la  addition,  all 
groups  ware  exposed  to  tho  two  types  of. targets  (Laodolt  rings  and  acuity  gratings)  and  the' four  brightness 
contrast  conditions  (Table  1), 

After  prallsloary  explanations  end  s  trial  rna,  each  subject  proceeded  with  the  task  of  dotatnlnlag 
tho  position  of  tho  gap  In  tha  case  of  tha  Laodolt  ring  or  deternlnlng  tho  orientation  of  tho  acuity 
grating.  Tho  order  of  presentation  fot  tha  target  and  brightness  c entreat  c geminations  waa  tendon, 
gatwnon  tana lorn,  the  subject  wore  opaque  goggles  ta  pronote  dark  adaptation  and  also  to  pravsot  outing 
target  placements.  The  data  recorded  for  analysis  consisted  of  tha  tlna  elapsed  fro*  Ignition  of  tho 
fit; a  ta  n  subject's  correct  verbal  response  coocatnlag  tha  gap  of  tha  Laodolt  ring  or  orientation  of  tho 
acuity  gvatlag.  If  a  subject  waa  usable  (o  detarels*  tha  crlantatlon  of  a  target,  ha  waa  given  a  response- 
tine  nepro  of  U0  seconds ,  elnca  that  waa  tha  duration  of  tho  burn  tlaa  of  tha  Slagle  slnulated  flare. 


In  lose  t  I,  for  nuvber  of  targats  nod  errors,  tho  cxpetlnontal  design  vaa  list  factorial. 

Tho  firm  factor  rofora  ta  shielded  versus  unshielded  nodes  (two  levels)  and  tho  second  factor  rsf uts  to 
Makar  of  flares  (six  levels),  for  tha  response-tlae  scores,  the  design  wan  a  2  x  6  x  10  factorial  with 
repented  assaults  on  tho  lost  factor  which  refers  to  targets  (tea  levels). 

In  Xxperlntnt  II,  fox  water  of  targats  end  arrora,  the  statistical  design  wan  a  t>taet  with  13 
subjects  la  aach  of  the  two  groups  (shielded  flaree  and  unshielded  flaraa).  Tor  tha  response  tlaa  acereo, 
tha  design  wua  a  2  x  7  factorial  with  repeated  assaults  on  tha  second  tutor  which  rafora  to  targets 
(aavoa  levels). 

In  txparlaant  III,  tho  experlaescal  design  vunlslxt  tutorial  with  repeated  nurtures  oa  tho 
last  two  factors,  Tha  first  factor  refora  to  oburver  altitude  (eight  levels),  tha  second  factor  rotate 
to  type  at  target  (Laodolt  rise  or  acuity  grating) ,  and  tho  third  fee tor  ru.ara  to  brightaass  contrast 
(f cur  levels). 


fkpatlaant  T 

The  descriptive  results  ceaatstiog  of  overall  staena  far  the  affects  due  to  ahlslAlag  Hark  24a  are 
wooer  Iced  ta  Table  4. 


<nuu  tcAss  rot  rn.Lor.ti  vnm  vo*-uwj>vk  kau  24a 


mown  rLaua 


wtntwts  turn 


Targata  found 
fnrar 

Aoapoeaa  Tlaa  (Suonds) 


In  Caras  of  overall  grand  saaus  for  tha  entire  srperlaent,  the  average  subject  acquired  about  7 
(7.03)  targata,  to.  't  about  73  (37.44)  seconds  to  find  an  average  target,  and  cosattted  about  .3  (.33) 
rrror  drat- a  an  average  run.  Tha  naan  response-tire  score  it  very  close  ro  tha  svtrall  scan  (P1.4 
seconds)  foe  Hark  24  flara  light  obtained  fro*  an  earlier  study3  l-.voivlng  such  note  austere  net hods, 
lose  of  the  thraa  variables  reveals!  asy  statistically  algnKleiat  affects  due  to  the  flara  shielding 
versus  tha  noo-ehlaldlng.  further,  for  tha  data  tenanting  ot  nueber  cf  targets  acquired,  there  vara  no 
statistically  significant  affects  at  all.  for  tho  rtspeaxe  elate  data,  Tabla  3  reveals  a  statistically 
a l(nlf leant  xatn  affect  due  to  type  of  target  and  alas  a  significant  interaction  between  type  of  target 
lad  worker  of  flsrtt  used.  Tbtst  results  oecetsltatud  tha  aasrth  for  tha  staple  asin  effects  cf  cuabet 
of  flaraa  far  each  type  of  target  end  thla  analysis  la  inirtiaf  in  Table  6,  which  reveals  that  only 
tha  village,  tho  nosing  aaspan,  and  the  packed  truck  contributed  statistically  significant  naln  effects. 
foT  this  reasen,  these  thraa  types  ware  tha  only  targets  card  in  bperlatnt  II.  Tha  aero  scan  square  (or 
tha  anti-aircraft  alts  fa  attributed  to  tbs  fact  that  It  vre  net  detected  by  any  of  tha  (objects  in  any 
group,  Tha  lievtaen  tauls  ttats  (or  dlffaraacct  on  all  ordered  naans  (or  the  thraa  osin  effects  generally 
shewed  that  ptrfortar.ee  with  just  one  flora  Is  slgnlf icaatly  poorer  than  with  two  or  sore  flaree,  tut 
that  Increasing  tha  number  of  flaraa  ebon  two  dons  not  Iterates  visual  parfomauca  (or  tha  typo  of 
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tM,«t  layout*  >ni  It  tba  imtliue.  The  diet  cow  atlas  •(  •not*  tin  tmiW  t  ttttittlesUy 
tlgmlJ leant  uffact  4m  t»  tiibtt  of  (UtM  u»a*. 

UIU  s 

mun  or  aealtsu  or  muses  ro*  ustokw 
to*  scous  ror.  nmmzxr  t 


,TO 

mjs.  nm*. 

PBtunu  or  fuedos 

KUX  000A2ES 

£ 

latvaan  fubiacta 

masts* 

XL 

A  (tblaUlst) 
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1 

1  («*.  at  riant) 

7,012.000 

3 

1,402.400 

AO 

10,043.400 

3 

2,120.110 

9cb)  v/trauya 

13,403.300 

4* 

1,730.020 

tUtblu  Subltcta 

2.370.134. 100 

m 

C  (Iaroat) 

1,029,410.400 

9 

141,041.711 

150.37** 

AC 

10,030.400 

9 

1,203*400 

1.00 

1C 

134,030.300 

43 

3,423.344 

2.04** 

OK 

(1,412.700 

43 

1,304.727 

1.11 

e  2  rub]  v/ftouf* 

320,202.100 

432 

1,204.172 

mmm  or  ajuitoij  or  «ms  smew  or  wga 
or  vuuo  ro*  Dimmer  urns  no  nranarr  z 


>  lot  £,  (ttvrr) 

9  f«  ci  (U>4) 

»  f«  Cj  (TUltit) 

>  Ik  C*  (btlfj.) 

•  lot  Cj  (Tally) 

>  f*t  C.  Ctovla*  Truck) 

■  tor  Cj  Otarluc  Swpaa) 

>  lot  C(  (Turku*  Truck) 

I  (or  Cf  (Haora*  iMfu) 
t  bt  Ci0  (Autl-Alrcrafc) 
C  '  tub]  v/jrooya 


wor  noun 

a ,417. *oo 
1,341.403 
23,100,740 
10,107.490 
3,900.000 
0,941.400 
09,719,490 
23,393.090 
13,043,130 
0.0 

310,202.100 


2*9.733 

171.270 

2,300.749 

1.134.160 

•34.222 

993.419 

7,700.(10 

2,421.034 

1.310.120 

0.0 

1,240.172 


fcedaas  is 

lluc,  tbu  turttc  yroblaa*  yruuuutu*  tt  the  aukjacta  mn  cmUttiUy  Mt!  difficult  nl  It  mu  hoya*, 
Mn  MMlctn,  the*  tbjaa  yraaanca*  la  OtfKlaMt  1,  tba  ntulu  frws  byuriaaut  II  ur*  ait  emytrukli,  l ir 
•Mafia,  wltk  tbu  t Mulct  la  Table  4.  r«t  tbu  thitUM  ciaOltlan,  thu  tvtftfi  Mkjuct  uc*ult*4  4.13 
tutiti,  tuck  171.77  tucosU  to  flat  aa  n«l|a  cutout  *»*  cmlttuO  1.27  (tmi.  lot  tbu  uasbtiUuO 
utuOltloa,  tt  t  avur**?  uubjuet  attain*  4,07  tarf«*,  twk  101.13  uucmOu  ci  I  a*  ua  avan*e  turtle  us* 
•Malttau  1.91  urrotrl  Statlitlcal  jt-taucu  in  tbu  turtutu  («ai  ua*  urrm  ua*  tbu  uaalytl*  of  vurluncu 
tut  tbu  rutyuMU  clac  tcoruu  rtruulu*  so  uucltclcully  ulyilftouut  dlffuruacuu  duu  tu  tbu  iU«Ulu|  vuruuu 
•Mbluldu*  cuailtlu*  fur  tbu  00,000,000-1«bm  Clare. 

ItHTlauut  111 

Tablu  7  ahum  that  ecu  14  Irak  la  rufmi  tlue  variability  ua*  f«ua*  batveua  Olfltnat  tlaulata* 
altltudM.  Table  *  abeva  tba  auaaary  af  tba  aaalyats  af  varlanca  lux  cbuau  data. 
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trail  tha  uilyaii  af  nrlnca  ft r  ro|OHi  tiara,  ?>Ui  I,  the  atatlptical  hypothraia  that  tkara  in 
M  aigaiflcaat  iUIntuu  la  mfmi  tlaaa  aaong  tha  «l|ht  irHfl  It  act  ttuklt  at  Ua  .01  l«val  it 
aaaftiaaoa.  Tha  Ovacaa'a  bav  Multiyli  (aa(a  Jitt1’,  at  tha  ,10  laval  it  cacfldtata  Indicate*  "ha  raaalta 
amatitai  la  Takla  9.  la  tkla  cakla  aa  utarlak  lalleatra  a  atatlatloalljr  algal  Meant  itlfm.'ta. 

t UUI 

amtuor  or  suntnoi  ran  or  au.  onoun  mu  or  mm 
rot  nrazxnr  m 


nwunD 
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Ml 

1,0*7 

*57 

1,21* 


BP  iSr- ■ -ifa  . a  fa  » . &r 
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*laa,  (na  tka  aaalyela  at  variance  tot  iMfWt  tlaaa,  takla  I,  tka  autlatlsal  hypethraU  tkat 
tkara  ata  aa  algslflctat  difference!  la  ehimu  tiara  *ua  ta  type  of  tar|ic  la  oat  tarakla  at  tka  .01 
laval  at  ceafUence.  ttatkat,  tka  date  t aa*  to  Indicate  tkat  tka  acuity  gratings  repaired  significantly 
laager  tlaaa  tfcao  tha  Unlolt  tinea.  la  addition,  tka  etatletlcal  fcypotbrala  tkat  there  ata  to  aiialftcaat 
difference#  ia  rospease  tiara  due  ta  ktl|ktaaaa  caatrrat  Zavala  la  alaa  not  taaakla  at  tka  .01  laval 
af  confidence.  tka  Duncan’ a  too  Multiple  tenge  taat  at  tka  .01  laval  of  confidence)  indicated  tkat  brightens* 
coatracM  of  44  aa*  7*  percent  van  uioalttad  with  shorter  taapaaaa  tlaaa  thu  tha  caattaata  of  20  aa* 

•200  parent.  Xouavar.  Ml  tint  of  thtaa  polra  aao  algndf Icaatly  different  frta  m  aaatkar.  /iaally, 
than  hi  a  statistically  atgatfieara  Interaction  katvaaa  altitude  aa*  typa  of  tercet  at  tka  .03  laval  af 
aaafUaaca  ta*  aa  lncejeeeioa  batvora  altitude  aa*  krlghtneua  caattaata  at  tka  .01  laval. 

ouemtxoa 


that  tkara  vara  aa  atatlatUally  aigaiflcaat  *  iff  erase  a  a  lot  ca  tiMlata*  flora  ahloUiop  vat  aomavhat 
njryrfilnf.  iovavtr,  tkara  ata  acvaral  oihar  factert  cMcaralrg  shielding  otkar  than  thoia  involving  tka 
*  opt  a]  ant  vatlaklat  uaa*  ta  thin  axparixant.  Tot  uaapla,  tka  viaual  perforonneo  la  thi*  etudy  vas  raatrlcta* 
ta  tkat  aaaociatt*  with  area  taarcb  far  tarttta  of  opportunity.  Alto,  though  tkt  okicl*  aay  not  vakaato 
vloral  porforaaaco  for  thin  typo  of  tactical  tank,  it  vUl  proveae  Uloadnatlos  of  tka  aircraft  frov  the 
flare,  as  layer  taat  consideration.  km  urlitr  etudy’  iodleata*  that  tka  full  karaflt  of  flare  shielding 
•ay  not  ka  raallaa*  until  tka  ceadlegoutr  of  tka  flara  ranches  40,000,000  luosne.  Therefore,  tka  reeulre 
fro*  fxptrUant  III  which  alao  rarrala*  tkat  tkara  uaa  no  atatlatUally  significant  naia  offatt  *ua  ta  flare 
able 1* lay  cceatltoted  a  further  surprint. 

Tka  ftralte  coacerndcg  author  of  flarea  are  la  clone  ipiaurt  with  our  earlier  study1*  vbick  dtccloeti 
oo  olgnlf leant  llffuiKil  in  parforaaaca  wkaa  aiaolatt*  .4,  .*,  1.2,  an*  1.6  kiltnvttr  aaparatloaa  katvaaa 
flaraa  vara  uaa*.  Discounting  tiara  failure  ratcj  aa*  otkar  tactical  aaaeuvars,  tkara  ia  oo  rationale  for 
Igaitleg  Boro  than  tvo  flaraa  ovar  a  target  area  reyraatata*  by  tka  ceeled-atie  ora  target  Statural  of  tka 
terrain  oodtl  stlllra*  la  tha  axparixant. 


Tka  llffaraacao  attributed  to  typa  of  target  wore  anticipate*,  ta  Btpitlxiat  I,  coat  aobjcct*  *«ttct<* 
aa*  Identified  the  roe*  aa*  river  vttkla  a  fav  accosts  vkilo  the  aitl-alrcrsft  alto  vat  savor  dococto*. 
braver,  for  tbit  experlwat.  tka  Izparuet  targett  war*  the**  vklek  provide*  vat  lability  for  the  different 
oxparlaaaul  factoia.  Tim  village,  tka  parka*  truck  aal  tka  «evtaj  esapon  vara  the  targets  aaaec.'.ota*  with 


(Ui  MiltUUtf<  Fn  this  nun,  Hfhiiti  Ml  |l>u  u  tbiu  type*  tf  la  fcspotlaaet  II.  That 

as  utjK!  litxud  the  ami-aircraft  sits  was  act  s  tsul  ntnlHi  class  deuthoeat  isle  recur***# 
reported  that  these  sites  era  ceUoa  detected  unless  they  ate  firing. 

It  la  anamt  (tea  Teblac  Full  that  far  ti»  cleat  rests  ancles  si f  this  *tudy,  ehaerver  altltWaa 
la  the  seats  o(  610  ta  914  aetera  arc  superior  to  other  »ltltvd*a.  Specifically,  while  610  actara  SU  aat 
result  la  significantly  different  performances  froa  762  acd  9U  aetera,  the  610  aatar  altitude  was  the  saly 
aaa  •lf  lf Icantly  hatter  then  all  of  the  other  altitude  caadltl.ru.  Ihte  yrehlaa  new  emttn  field  valida- 
tln  lie  ns  la-fllght  etudy.  It  It  evident  froa  the  results  free  utperlneat  III  that  these  acuity  tartets 
(1,000  tlees  letter),  placed  cn  e  controlled  tround  point  will  provide  raasoaahla  criterion  neeeureo  far 
the  Inflight  velldetiot. 

■owner,  It  wee  turprUtn*  that  the  acuity  gratings  feaerally  ware  associated  with  poorer  perfotaaaeo 
than  the  Undolt  rings,  llggs16  repocto  that  la  the  cast  of  acuity  gratlaco,  each  single  oleaeat  (t.e.,  a 
ala|to  lisa)  of  the  gracing  patten  would  ho  clearly  ldeatlflohlo  if  it  wore  presented  alone,  however,  the 
pretence  of  contour*  (1,*,,  ether  Usee)  noise  it  difficult  for  th*  at server  to  disorlalmt*  the  separata 
elSMate  of  the  potcctn.  It  le  reasonable  to  accuse  thee  even  with  the  Undolt  ring  gey  eguol  to  the 
separation  width  between  the  gretlst  bore,  the  two  targets  da  not  necessarily  present  th*  ease  level  of 
dlfficelty  la  dlecrlalnaelsg  perforneaca,  la  addition,  ghlaor1*  found  that  twe  fuactlone  resulting  Free 
the  see  of  these  two  tsrgcte  to  be  suit*  dies taller,  with  the  laadolt  ring  resulting  la  hither  visual 
acuity  with  increases  la  iUmlsatio*.  however,  he  concluded  that  bath  era  ednleeehla  aaasurca  of  visual 
perferwaace. 

Hoc*  visual  acuity  appear  a  u  be  a  fata  of  brightness  dUcrialaatloe,**  th*  algalflcaat  neln  iriftot 
4m  ta  bclghtnene  contrast  haste  none  lapotcaac*.  the  reaulta  of  this  sale  affect  were  aotlclpatad  except 
for  the  relatively  poor  parfarataca  la  tba  etadltlm  where  th*  target  me  brighter  the*  the  background 
(10  •  >200  percent),  however,  the  geaarol  reflectances  froa  these  terget/beckgrowad  coahlaatlot*  w ere 
gaits  low  ($ee  Table  1).  la  addition,  traditional  eaplrical  lata  have  Shows  that,  far  dark  objects  as  a 
bright  background,  acuity  1*  maximal  (or  the  highest  dagra*  *f  contrast  between  tact  abject  end 
baehgrauad. *  Th*  cenveraa  aay  aat  aacaetarlly  ba  true. 
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